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Thia Invention relates to a mothod and apvaratua tor 
henttttg an «lon«sftCed 8pac« or t» locatlort «otit%ii.nln<a an olongatoa 
hiiutor. Hore vs-rtitulariy, the invention reiateg to nv^ «iftc?TrJ.c«ii 
reaiBtattcie heat«r tot h^^atin? Ati tiion{f<tto<l suJ>tQtr^i{ic^ft J^oxohoLo 
At: r^itoii which ar« different at different depths at the l>or«tiaI«, 

:tt 1ft kno»a to [>o boTjofloiail to tj«f» dLon^at^d heaters 
HMQii d:£ veil ticaterc*, for heatln? tnterv^lp ot Qnbt^rron^an rjurth 
)Eornifttl.©ntJ, plpo Interiors, or othei elonsratad spanes, la various 
fsrituatiansr desirable to heat such epacea at relatively high 

10 tenpe]cat.uTf%& tor rtlatlvel^' long tines. Boneflcial r&avlt3 
0>>tslTj9d by such heating may Include pyrollalog oil sUale 
fartnatlona, ookitt? ol.l to consolidate uncoaaolldatdd roft^zvoLr 
toroiationc* coKlny oil to form electrically conductive oarbonizb<i 
i:onas cspahie of operat.ing &B (^l<<jtrodeft within a reservoir 
i!ordl«tionr therTTially dlaplacing hydrocarbons derived froK oils or 
tare iuto picodxictiou lodati otis^ prevoiitin^ foraaiblctt oX hydratea, 
prf^iH.pitatos, or the like in fluids which ar3 being produced from 
\?«lla an<3/or trat-xauttted through plpee, or tb6 liKe. 

The InvttntiOA alttd to provide a heatln^j i^.pparatua vbich 
20 i.t Cftpoble of generating heat at different ratea nt dl££«reut 
dfipt.ha in a well. 

In accordance with the Invention there A a provl^ded Xn a 
procesB in vhich dubterrnAt&n earth forraatiocis within »q lntarv?il 
ff.oto than 100 foat long are heated to a tenperature of more than 
600^ c. , ao that heat ia injected frub«taiJtlaliy unltormiy into that 
Interval'^ on IxriprOvoTiiant for conatructing and installing a heater 
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having an al^ctrtca.l cable heating eectioo which ia free of 
Hp.lSces, oo^tptialng; oonrftiut'tiiitf siiicl heating cahlo uection by 
compreaaiveLy Hwacj±ii<t at leaat- one y^ortion Qf a junoticii-.tre< 
elefitrlc^ii iDeatiug cabift to racJueo ita aizii at aald at Iwast and 
portion, said cabl<a 1b at Xfraat a» long at tlxa fterth Hormatlon 
.i.utftrval to lie heated And comprisat: an axiaXl/ oiltfijcd, «iall(*aM&, 
elactrically conductive core cyrronnded by gran^Xac TUtaeiTflil 
iiictilntlon vfithlft a metal ohoath, ao that avaffid poxtlon gan^ratec 
heat at a rate hlqrher than the vmavflged portion; correlating the 

10 locfttloft 0-Z Siiia isweigin^ wltXt tho ^*ittcrn of tiaat oonducJtivttY In 
the earth foraiRtion Interval ao that *»t Ifeapt on« ooYDpre«ftiv«ly 
ijv&gftd portion ot th« CAjola i» located aloaj? tha cable m a 
(poaitioci awch that, when the cable ia expended aloug the ^av^b 
toffTTiatlon intarvAl to be h^atortp the compr-^isalvoly «;w?i^io4 sorttoa 
is adjacent, to a portion of T.he earth foraatlon interval In which 
Che heat tt^nductlvtty ts r«l&ttvolv hl9hp connecting ofild 
SQlortivoly swa^iad heating cable aectloo to at leaat one power 
supply Gfxbl^ aud spooling the Intf^rcotinectcd cabloa? and 
unwpooliAg tha intarconnected cable a into a veDhore along with a 

20 wed <)ht" supporting flifttal conduit While K^eit'J'.f'dica] iy attaching the 
cableft to ttiC tfonduit and ejctaadinp the cable a and conduit to a 
depth at vhich the cop.preaBively awaged portions cif the cable are 
positioned adjacent to tlio barth rormation*** having a xelativaly 
hl^h thsxiaal conductivity. 

vhc inv&atlon vlll now b« i^xpLalned In more detail ffJtn 
r^iferancfi to the accompanying drawinga, 1^ 'iChi&hi 
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riffxira 1 t/5 a throe-dimaaoionai lliuntxatiou an 

portions suitable fox uae In th« pracant invantlen. 

oloctrlcal xasiotanca hdatar wlthifj the vcall in accJ^rdaticro (flth 
the pjcaaant tave»tJloa, 
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Figore 3 shews a ^ilcd bctt^Bca^ a matal-ahaatficd it«iuia<:>?cl 
poxwi* isupply ^TAble aru3 a inBtal-^5hc^1t^ed insulated cablii suitable aa 
a heetlitg eienent c^f ths prestdit iiweTitj.ci^ 

Piqures 4 ai>d & illustrarta splloos frjr eXa^trixxilly IntBr- 
5 ocans3ting the Cf^vkictdve coteb of a pair of RetaL-sheacthBd mineral- 
jLntPalntHd he&tlng enables auitabla us bolng cabJ.en .ui the preaent 
Invention. 

figure 6 ehwa an dlcctrjjca.1 power BuppJ.y circxilL suitable to 
Txse in the pceeent ir/vdntixxi. 

IjO tt¥3 preeent invention Is at in part premiiicd CO a 

diiiooTOri' that the propsnrtios of an el.e?:trical omdiacjtDr (cm* a 
iwjtai-ahoathsd ^xd iratHriAl- inauLatca electrically corductive 
cahis ccntalniw? a singles oppper core) are that reailta of ox^ 
application of oonpressivQ stwaqing to tha c/Jtsidto of tJie SD&tal 

l*? s*i9ath are tranatnittod thrcuigh the insulatiosi tu tho cxare of 1.1^ 
cel>^e a manner euch th&t Oftcil of thesa ocnpcrants ora 
subetantially sinTjltasieojaly roAicea in carra^B^aec'tianat cirea fcy tVie 
SOTO relative amountB. Tjia reductions in the cable cona croaj^- 
Bsctional area can be gcntrolled to cause the swa^ai pcortim of tlso 

20 cable to gsnerace a a-lgnif leant ly higher errojut ofi Jwet iper unit 
time thaxa th*fc which «ouLd Jaara been Cjfnusrated witi^oi^t bhs rosaging, 
avtsffi at a 5U)b3tanfci.allY i.c»'<ex tEsnperatora. 

In C3 proforred enbodAtnent of the invention, suich ft swaglnqf is 
da>a by a proooss oE rotacy swaging, amcxTnting to odtpcesslrig tt» 

25 cablo with maa^^ blrx^ applied bi' rotatirg dies. Itotating awagiisg 
dET/inaa and techniques aro kniCTvin and ccnioercially a\'aiiabl£j. Bxich 
nachinaa oaniccnly oorrtaJ.n two die? whirrh reclpmcate rapidly as a 
spdrdle in ^'^licJi thay aau mwirrtod Ic rotaljed, A cceiranEsaive rotiiry 
fiwagirtg operatica litvnlvea a h-urmBrijug action which has thfl sana 

30 bfiiftoSldal loaberia], on raat«l an fo(rging. It prodiioea a desimbXe 
graia stnicturo resulting in an incrsauBd tenBilo jitrcitgth aivJ 
eldsticity. The oolcl (io tcuperaturel svjagincj bends bo work harden 
iTOflt jtetallLc cnatsrials. If deail^erl, 5W;h a haTxiening (Vtn b2 ifiKlfi 
more fle}cible by oiuiealany. 
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:tn a rotary swacfju'jg <3peratica, the extent to wtricJi the ssjagei 
roatjerAal a a reduced IJl cra59-6er±iciial area oajv ccjntrolled Vtji'y 
accanitoly. For esaaiwplQ, slnao <^ cnetal-ehaatbed eolld matearial- 
iosulated rjoppsr^cxared cjloc*rlc?aJ.lv^oc)nda£:tivc oobX's h^Jwee qs a 
^ulid ifatcrlal during a rotary irtvagAttg qperaticn, mJcJi a OQb.l* 
having a dlfixnstser fwxn al>=ut 0.69 to 1.25 an can ba iiXiagea to r 
reduaei diiJ/rdtor with ail accurncy of iibcijt p).UB or minuH 0.0023 cm. 

X'lgure 1 illustrates svjaged and unawsugod portiona of a cable 
jsreferred fear uaa in the pressixt in'/entlcn. In tlie oabJA shwi/ a 

10 Btainiosa 3teel aheath 2 surro«fi<l3 a jnirjeral insalintlocn 3 

Dcnsistiw? of bdghly cxxr^rassad grains Qf naqnaaium OKlde cmd a 
Holiti ctinducjtive coa^e 4 of sufctfstBQitially pjre ccpp&r is 
■cQncHrytrJ.oaLly .^arrqundfej by the InsuXaniaii and aheath. In a cable 
of the type ahown, v/ber& ttic^ inner and ocitcr dj^orcsbEn of titc 

1^ Bheath X /ira 7,23 aiicl 9 wi anfl thu dieurotor of tte ooacft 4 ia 3 nm, 
i\\ ttie uixswaged porttODr ti>e cab.lje may ^ssioratsi a tfan^^erature at 
abtxit 600 'C 'xhen oonductlng 180 CTipentta of altortiattrjCf cujretyt, 
HOwewT, ii\ a awaqBc) parhiofii of tlw cable hawing a <4tfflatttcr reduced 
by 1G%^ a beonpexethiire of abcrat 850 *C is ger^ratsid wheaa tho cable 

20 \b oacidLicting the saroa oijrrent in tha saiic eiiviraniDent.* 

In a s>roJIeaa:ed enhoiijrEnt, tha pareasjttt lrwent.^cr\ can 
utdiiaad fbr providing a fcrmation-tailorad irethod and apparatus 
for unifoiiAly tisafting loog tnc«rval» of aubtarranaan cart*! 
£tarFiiaf:icna at high tenparatUTB, ^jconrdinq to this rtfithcd 

25 si:i>texran63r\ Lntearva3-a are heated vith m electric heatjor 

ooiLtaliUng at .lesat ana epjolable stoeL-sha&.thei minaraL- insulated 
c^bld •hw.dng a 5»o:Ud oantral oora of high electrical oondactlvity, 
i>\2dti a uablia CEUi be arrangei to hscit tbii earth fioomiacicns ao thrtkt 
haat iti tranatflLtted into the farjieticdts at a s.iibsfca'ntially uniform 

3f> rate, &rea when the heatli^g invalv^ more than about 330 wsitte per 
tnatrta at tEsr^atoros; betsween aioout £0Q «ixl 1000 *C. The mXtpaaity 
of tlie hecit trzdifiimib'slan is eflrteored by providing the heater with a 
pattern of electrical rofllstaitcee with depth within dwi well 



http://patentsl.ic.gc.ca/fcgi-bin/any2html 



11/7/2001 



01253555ciis.afp Page 6 



Page 2 of 3 



- 5 - 

onrL-*»latEc3 %'ith tlie pattern of heat uandUCtivXty vi^'-^ <2epth withio 
ths aiwrrcxindinq mirth foriuatlang, 

FigutH 2 ahoiva 0 preforred ciilyviinent of a wall ineacer of the 
present liweiTt-.ian batjitf instaUe^i within a well. Aff iShcwix, a pair 
^ of 3el*5crtively swwjiad tsiatcr osbXea v.lth ewngad and uttiin/aqecl 
portictt3 ot tba tvpa iS^icwn J.a Figure 1 are beirxr unfi^x^oled J.noo a 
xcli frccft spooling oneana 5 cind 6 while a support irembar 7, sucte as 
a wim lino or spoolable metal cxnduit/ is csorvwrwtly unapcolod 
j.nto the xell from a spooUngr neana (nt>t tftcwn) . Tfna .\cwer epd of 
ID the aop^ort nti^e 7 is auv:v±ai t» q nottsr /rctfJUJ 9# SivAi as a 

ginlaer bar foi' a vertical well or a pmiFnbl& or cii»r mtxrr Tt»ana 
£br a sutaatantiELlly hcriiaxtal t»X1- ^h« lowar cJ: the heatvxg 
oatoler *5vaged (sortiana tb/ arc iiecbsniLcallv attartied to a cftbLe 
jMJictioo OS en*<£:tmectar 9 in twitch the ccn^ictiva oareB oiic 
15 elactrically tneercxiare;:tei3 (as shown ia acre detail in k'igure 4) . 
'Cba jtjxixJtiOJl 9 i9 aXs« meiiiaBioally oorosBCbod to th«> support neBfaer 
7, ftjr ecflfliipki isy a stxappaTwi cieana 12. ThB Icwar <an<is of the catole 
portima, vihlcb aws wagexl for increaaad heatirj^, are ©IcctricBlly 
interocsnnactad in the er/X cxara^ectxir !> and pxitUm^d to oactcnd 
?f) tliTOugh tha rofta ecileastad J!or reootvlr^ the .Incaraasstl teatiaig. 

tl>a m^Bwaged porticos la of the heattr<v cai>lee, dEaigred fior 
minixnaX heating aloncf tho ^ano to be hcRCed, are poaitiflnisd to 
extend abcr^re Cbe awaqed portiona lb for a distance suf fi-ciant to 
roftch a aone^ which la cool eoDrugh for an intcroOTjec't-i/xi of tl:e 
21) heating cable poctini:»B la w.tti powar siiyply cables 10 b/ iiwita a±* 
^odutfi or splices U tor electrically and ^^adlBl5ically iJiter- 
DCjtnnestir^ ths powor supply iivj 33-4 baatir^ catalEs. Iho power supply 
cablea IQ ore arr^tngod Sot carrying a selected c3BP0unt oi carrmt 
while genErating cjily a ;ainlTC»l eBXrunt of heat* Iba details Off 
^0 suitable itechanical and aleotricMl oable consnecttng ."joints for tibO 
vlth iiBtal*sheaahed mlnacral-inaaLntstsd powDr stJ^^ilyu^g cablea are 
illuatroted Xn irlgute 3, 

As the hoatiJig BVfi pcwar aupply oobl-as 1 and 10 are run iiito 
thd wall, alorjcj vyitJti tJie welgbt-fiupporting strand the cablea are 
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pariodicaily attac^Jsd to tha utr^ind 7 uiefuia of cIluuM or 
3tr£<ppi^Ki afi&nfi 1.2, i^jch cla«p6 iucci arranged for creirtujg a 
£>^.icn between ths cablea atul tftratxS which xb aufficiant to 
support the u-eigftt of t:1tjp iengtha of thfl oables wtvv:K ccne lucDtcd 
C5 botweaw the cLacpe. 

Fiigut^ 3 i-lluatrgitea dcstaiXa a« prBferrtoJ &rrapg«eaient« of 
splices 11 » shewn, the: power suppXy cablu 10 haa a raeUl aheath 
L4, audi as ^ ccppar eheatJi, surroundlvg an inealatad olectacally 
coofSuctivB core-. 13 having a ocxtbitvition ot croRs-aiisticnal Area and 
10 electrical reslstai'jce per unit oi' Icngch (ii3apting it to carry tha 
current bO be used in the heating cpGration «itile gecer-ating only 
an insigrjificsait anoune of beat. A» shewn, the power cable ahsath 
14 aa ^-ell as a pcwer cable care 13 dlto larger thsn the afcaith 2 
ar«a core A of the uneswugoiA port.icn of Imtang cablo la. ths 
15 orsiilactivc oores of the cable are cleotricalJ-y intatoacmcct^d, 
preferiibly by wsJdirg* tn general, the pcwer cable can oat^prls© 
f?i4>BtantiAlLy anj' t^xi of electricfllly oooacluctive cable which ia 
adequtttaly heat 3tiib]je at the tsicparattire generated by tha minimum 
heating partidn of a hbd.tiryq cabLa euch as la. Iflien? Tpaxixraa 
20 selected hRsting t.eflt»rAturo is sufficiently iorf and/ar tlut 
distaiTce balTMsen the pcvKsr supply and zcna to ba bcat»S 
adcxpiabely shcrt, tha pou«r fiup5>ly cable csn ocnprids* a irotai- 
slieathed mrjerAl-infcuLiitQci ^li<V-cored «Jt>le vtjixih ia fiQlfiCtjvcly 
Rwagea to pruviee tisD aalcctod beating ten^ature ao tiiat no 
25 isplLcef? 3C>ch aa eplioaa 11 oro nscded. 

A3 shown in rigure 3, a relativoly short sleeve 15, au:;h as "a 
3bE2fil firit.«ve/ Xs fitted around and walA&d or bra^ed# or otherwiso 
ffjasJianically attached, to the aheatii 14 of the powar cahla 10. Tho 
^lea^/a 15 is preforabiy selected to tiavo cn irsnsr diameter foiming 
30 <m aniiuiar spftoo botpwoen it anS abaath 2 latgKi emcugh to 

aocjctiirodate a bhofter steel sleeve 16 fitted around the sheath of 
t;l;e c^ble la. In □ ptiof ^Arrod as?»jri?liJTg praradure, bdfore inaertir^ 
the short ."jleeue 16, Bpjbetar/tifiilly all ot the arrailar tffcjaos beteveen 
the ca!5le core Tientera 4 and 13 arxi sleeve 15 A a filled with a 
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poNdared minaral insuLdting matRfiai SLich as nflgneaium OKisfc . The 
inP.ule.t3.rig cnateL-ial is pnetTftrably depoaitcJ v/lthlri both hhe annular 
5ip€iC5o ly^areen Vi& ahlc corci* and the elsEfve 15 dS w.U as tJia 
speoe betweeii the bIhhvc 15 and the Bboatii Z cri the cable la, and 
fi vibr fitted to <xjr^aat the ranas of particles* aisave 16 oan tlien 
dri';cn Into tte spaua betuieon the aleewe 15 and atteatb S so thar. 
the mass of trdJiera-V insulating p^riiclcs Ifl ccinpactad ty the 
toving force. Siocvei; 15 and 16 ondt aheath 2 are then welded or 
bxaTOd bogetl-jflr. 

10 Ficwre A illustrates details o£ an end ooJMOOJtor car aplioa 9. 

As sbom^ cables lb ara coctondfid thrraajh holeia in a seed blnd« 9 
so tJwa ^\yyrt aecticns Ic cxtavi Into * cylijiflrical opeailnc^ in t]ie 
central portion of Uia blocik- T5ux el8Ct.Tical.ly conductive oc^re-'J of 
tha oablfts w w^ldied together &t weld 17 and the cab.la ehoflths aiB 

1? 'xfttdod to blcx:k 9 at welda IB. PruicrvTbiy, the cei^tral caaOjctats 
at tha cablos aro sorrcwrded by q hent stfJilc dectTiciil inhalation 
such as a nitiss of cnnpacrjed pcwderiSfd mineral particleg arUl/ar by 
disc? Qf cerarpac roaterialH (not shewn) / after vtoich thxi csjitral 
opening is sealed, for eMomplAr by weldlTig-on pie.'jaa of dtsol (not 

£0 stown) - Where the haatar supported , as fstrown in Pigura 2, by 
attaching Ifc ta an elcangatod cylindrical starve tural menter 7, a 
groovo 19 is preterably fomed along oa osctcrior porticn of end 
□plios 5 to tnate with the fltxucturial meaubor an<l Tacilicaba tba 
attaching a£ the cod pteoe bo that rambar, ior axacnp}.©/ b^' a 
3traf:ping ci^zuifi 12. 

figure 5 ahowd a prcf«rrcd type Of end conrector which 
cliiiiliiateB the need for oitting and walding a heater clt^Ib to fom 
a paiv of heater cablfijs, 3ucb as o^le» 16 » 'ibe bedti^r catblft is 
fil3i¥>ly bca^t into a LT-tum £md [techanlcsally cian^d to block 20 }jy n 

30 !coibed-ow clJOTiping pier be 21. Th© bloak 20 is preferably pro'/idod 
'A'ith gxovKi 2?. to facilitato tJ-jo c.lanping of it to a cyiindriail 
structural msa'toer surrh an the cylindrical ofierabor 7 shewn in 
Viqura 2. 
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m cycncral* fNi poh^r liutjplying el-enealta can cEmpriee 
aubBtontlally emy or ix: syfetam capable of caua.irig a haatar of 
tha present type ro heat at tho scleatecl re.laliively high L'ato. S'JOh 
a treating r.at£> Cfin be <3bcut 3in wAttc par Jnetre or ixarft. 
5 ricfure S i& a dlagratii of a praferrod arran^eoex^b erf 

alternating curtBzit oiectr'toal power aupplyltsg elotSTitfl witabld 
fdr the praaent typo q£ hcatCT, 'rnia arraixjEUBfint Irurloctes 
lwcri5e, parallel, ailioon-oontroUeii) n>c:tifiErB iSCB&) in ths 
circuits ofi l;oth eleraents of a two-«l€rne5ifc ti«ab3r. In soda a 
10 >^lwicod ay^sten tha hesatar lags fibould J» eqiial reslstaooo 90 
that tha c^Ia coce jvwctican, paint A, (wtiWn end oormBcbor 9) oan 
ransin at 2oro volfca<i« or virtual ijroand pobential, l?-^ ahHatha of 
the haater cables arc ooormected to tha groundod centre f9p of the 
transfioKU^ iwjcnndary- Since pcdnt A repreDants tb6 waldfid 

13 connection wtthln the end piCiCjQ 3, the pocenttal differeiuxs between 
the oonr<ectlon and the toeing will bo zero tor all practical 
purposes, 'flisss poliifc*? tToald be i« alfictrical ccnta.ct vitJiout Aiy 
ccruductlan of current* At pointa aitoancing upward alcn^ the lege of 
tbB Jiaater* the potential dlffereixs batawasstt tho shoaths zvd the 
20 ctotTAl CQftd^ictor can ijicr<»se an6 finally reach cnaxlownis 3UC*\ aa 
ploa cr cnimi£- 2iO V. 

In varioua aituiticnfe in which an eXoiigafced spaoa ia to be 
heated, tlie in aitu thifirmal cjonducttcn tiT^y vary fli^ificorAly 
vittiin various layers or looatjUcflOS alocigr that atjace. A nicsrvs hoat 

^^r^ oo*idix:fcive layer will carry off thft hoat generated b^' a heater 

faster than a lesa c3cmdoctL\«e layer. & result, cjne tenparature 
irtaintained by an alactxioal Lxsaistaiico ]5Q&ter oarryixix^ a given 
<ama2rtt of crarront will V;e Ijowfirr oppagite u trora coridEucCl^/e layei » 
In aituotiozis In v/hlch it is dsaared to mnixjtaio a f JAt or uniform 

30 hsating rate aloitg the &paoe bej.rg heated, ib ia dasir<iblo to 

reSuce tbe heater oora cross-fisctlooal area in orc:err to gariitsrate 
heat at the aarne rate ns thiit in otJier portions of the heater whJch 
are liotter. 
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An cilooti'ica-l cRBistaiico hf?citer cai\ ba cauetwl t& ^Ksrate 
selected hearttrfif rahftfl at diff«retit Locati.ona atoig tiis heater )r/ 
installirKi ho&ter sectioiia cmtainin^- caxdjctoara af varyirwr ctccpy- 
aections. 'A^a enWiUjC^r oare or ocdviuctaar crcea-secticne e^chibit nore 
5 ra3i3taTC» to tha cloc!tricai curirent flaf mvi thus gecxirabe ItjeM st 
a rate tugber than be ganorabeifl b/ a tiii-ckaar core At tha $me 

tefi^xrrature, yor eocaitpld, it can !aeat at a eaiccted rats at li*jcr 
te.iipsrature eKiating along a relatively nore hecit cxstiducU.'ive layer 
or con£: v^itJiii^ tha BpacB twlri^ heated* 

1,0 present inventiun pravi^s a netlxja of oausijig a haater 

havirg dltfctrically conductive ooore which ia cv5citanuous aiui 
initary to gemrate ccnBtaxrt ond/or selected ^wximta of heat alctvg 
one m: a neultiplicii-y of dif faneftt portXarvJ of tha heatfit' wittout 
r^iring a jioLtittide of heating cahl^i splices. Particoiorly «h<irc 

15 tho heatliv? to ba canctocted af- reXakively hi<jh tcnr^ratiTrea for 
lojig tlTres, vsldiog ptcbleiflfi and cpportjanitiee fior l<>akage are 
inherent In wiy cutting and spAlctiig of electrical haatlngf cablcB, 

In r aspect to 50\ electrioal t^ci stance heater corprising a 
pail- of aL6:5trically Ix^tRrcosmactad Inat^ll-sheat^Jed solid mtcrlal- 

20 inaulate=£ cables each oontaiTiing a inaLlAable ocetal. el^ctrically- 
cciTidocti\'e oo^e, fbiar ssets of rntaxy BWitchln? dies can ba arrtmgod 
for pxO'/idlny porcentagea <5lairstj'ical toducticsjs of S, 12, IB 
and 24 in tho initial overall dlamatar of oach csable and its 
conductive cxxrc, "E^^ reduciix? one portioo ct£ th& cable diatnater by 

jrj 6% and anothFsr by 124, the overall reduction is 91. !^ siacH 

porocedL-nneSr tl^ overall cross-kctlocial reductiona for i»th legs of 
the b^ter can be pravidad In oigiit swps) of roughly lot tacJi, [?or 
GKftRple, see tihe following t£ibiQ! 
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LEG 2 




0 


6 




6 


6 




€ 


12 




12 


12 




12 


1.8 


55.3 


18 


18 




1.8 


24 


75.0 


24 


24 


84.3 



m such a prooedurer ^Jccwe-deBcribai pixaforrod pcwsr 

flUl^pAy Is bo be ujwtdr it is rwoessaiy that each leg cxf *Jia hoater 
after reductiona lu its cxro di^nstea- have eji overall reBiatajrco 
ocjualling that of tho otJver leg after redEuctlons in .ita o-Tone 
5 diairetestf'* Iliifi is noc»ssaiy to eriBure tho tiaro TOltafje potential of 
the intatoCrtiltjCtodl CQlTdoctoors in the erd pi3Ce. TVto3, it ia 
iieceae^/ to dr/iite ttje cr/er&ll «ctenta of electrical CODW 
r»auctiooa evenly av&t hcth longtlw of the haatar. 

substantially any oaiipi'esilve swBf^Xoq pEocedure which i5 or J.3 
10 fajtbstaaotialiy equivalent to rotsty £waL<fing c©u ssaitebly tiatid in 
prarrtisitig tl"ie present Irxviention^ acaa^les of svagtDg irachinas 
aind/or tedlrtlques which cm Buitatxly used are incluBi^'e of die 
closing swiXfiJig matchiiiB!?/ such as thtaea ffinufacfxired -by tbe 
Tt>rTinjjton Ctj:r?3nny, or Abbey ;tetJia ^techine Cbffpafty or Vcm 
t3 Jl^nufactiirirg^ dtc. 

Ptwr au^ly cafalea cai?ebLe of tramanittijv? the amount of 
current fwlenejed to ba upad whlio gemarrtttng only a ralatiwly 
InsignlficaTit arrount of haat and havtnr/ sufficient theiiiirtl 
i5tabi3J.ty foe eljectrical and r£Oc3ifc*nlcQl ati:3fi*m£snt to tha inotaL 
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t'll^ediilvad cable soitxJted for generating a laininuio aitcwnt of heat can 
suitably U'. uHsd in this Invention, BcartpXac of SQ5h catol^a includa 
tboce ava.i.lab]a as anoc/pyrotonac rabies. 

In gcoeTan.f in a sitaatian In which an alectt'lcal condunrtor 
5 reed not Suo Insalabecli the presfiint Inventioca <Mn ba cu'^^ctised Ntch 
sobsfcontuiliy an^' elKitrical ccxxJuffbor vAucii in oontinucus and 
unitarY (i.e. is a oontlnBOua body froo of iaberccnnected ' tsejgicaiits 
ox strandaj zand has a o:>re nr canductor thlctoiesa (x-e, a ctohs- 
sectlcoal area of t}i;& e.lectxically ccxadtastivo rratertaOJ N'hich its 
10 different in differ^snt locatiooa along the longtb of tte elautricE:! 
uondtuctor, Vref erred alocitrioai conc3uctors CiTcigprise sjivfl^ 
cccjduwtive cores of malie^ie tnetals or allcr/a aurrounded by a haat 
^tablG eoil<5 jixswUted iraterial witJUn a beat at^l6 iffitcil ailieath 
Buch as reiractory pcwtaar or solid fibre insulating matBrials 
\5 w:ifcbiu copper cr stcoi al\eat]i«. A oopper core surramdeS by 

powered wagnsaiutti oxldto within a copper sheftth for use at tnoderato 
twnperaturea, or a stAinlfis^ steel ehaath for use at jcvlgh 
tejrperatureB, is paxticuLfitfiy preEerried, 

In general/ the ^peBent inwaitlon can t« utilirad to initiabe 
?0 iand itBLiiitaJn a subfltantiaily mifonn rate of iTeatirxj aloog ft space 
contaitiitxj at least one pnrtion havinsj a rolafcively laa rato ofi 
lieat Qonductivity and/OT CO egtatolich and naiatf..in a nelatiijely 
higji rata of: Jwating along selected pcrfcions alcr^ a spaoa 
. thrcc^hjoat which the rate oef heat cccxSuotivity Is nearly uaiform- 
715 1^ v^iat:ioos in iwat conriuctavit/ with diBtan^Ta tlxxiq an 

elcngated path can be datianninodi by wauB of nuraerouc Icnacii wid 
zivailable ds^ioecf arxl tecfuiic^s. 

m a pajrtin^larly prafurrod procedure for utiJizirjg the 
ptesant Im'cnti.on for heataug along a path aXomy vdiicfi the htaat 
30 ocnductivlty is ooivunifbrm, a belEctioti is made of the rate of 
heatiJig to bo prcvitfftcl when an electrical condvictcr having the 
ctiT^oBitiOfti to ba us3d is ccivduoting ths ^cunt of curreot to ba 
used within ci honfoganoous uKdium Iwiog th& itweat heat 
ccoductiviti' bo bs enooimtCKcd aJCTKj the path to be heated. The 
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ntaxivsm thicJmaad for t'ne eientriorti octndocfcar to bs usod ift thccn 
tb& bbickneaa which provlttea thAt rata of hsatiivy in that 
situatiCJCX, 'ihe thickness of pivrtiaoB of the oooductar to bo 
p«aitloniS'i along partioos ot tlv! path whldi have IvicitiBr baat 
0 conductivities are thea /fii<Se tlUnnsr to an *23tt<mt subQWnftially 
czarpenfiating for tha itora r<tpid ccnAxicting^way of t;^* V-eat by 
those highaar haat oaDKlut:tivitt6s. 

^litematitrtsly, wbero xt ia daeirdt^le to genarata teat at 
i-eJiitively rapid rates alcsng parhioflofi of a |»th to ba heated (for 

10 exairple, aitjag tcp and bottan ptartOiOns of a mirtei-rajv*:&n oarth 
fortmTim) audi m arrantfejimt can b& ibsda, a.Vchcr>jgh ttjs hiiat 
cctxauctivity iKTi' bet sxihfstanudaily uniform all alciig tfca path to Ijg • 
heated. 'Ct^ condnctor thictaessj a«.i rosisbartce to toe usad iilnrwf 
jiio&t of tJie cab-le cvswSuctor are se.lecisedl to prcvicte the se-i^sctsss 

15 rata of hiwting along a hCTogenaoos itatcrial hawing the luiat 

ccw3uctivity ocniico to vDoat of tba ittt/jrval to he heatad. Thcrir '■-te 
rrore rapid heativjg rate ftloog 9oJje:±Bdl portioi^st of the p3:th can be 
obtained by thinnittg the porfciona of the oo«ductor to he exttntoi 
alocig th59e portioftfe o/l the path^ 
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THC fliabOp:c>ia)1TR or THE INVBJITIOH lU WHICH AS EXCLCIfiIVS 
PftOPSRTY OR PRIVILEOS 13 CLAIMRD AAE DaPIHEB AS k'OlXM^t 

]. , In a fi-ocaas In which aubterraueau eartJi forxnatXouB 

irithln an interval more tUaU 10(1 te&t ion<3 ar« hodttxl. to 
ne.npAratvjre more tJiyjft 600^0., ao that h*iat is In^ct^od 
auhatantiaXIy vmiforrAly Into that itit^tVnL^ aji improvement far 
constructing s^nd Irjiatailing a hearar having an alactrical cable 
heating sfrcnlon whloh ift /Tree of BPlic^it, comvriulng) eonetructia^ 
ftAi6 lift&liiA^ <3&hl« HBction by compreBHtvely svacjing at Iftaat. one 
portion o£ a juootlon-tree el^ctclcai heatlrjcf ctibl^ to r-c4voa itd 
6l20 At »aild At Isast ona j^ortion, said cable la at least aa long 
a a the earth fo.rmatiou interval co hsi lied ted and (iOmpti^es atk 
axiaIXy aXl.qrnedr fflftlieaDi*, ol«ctra<?5illy donducttva coi-a 
surroundQd by granular K^ine^al ilne^uldtion vltbin d net&l 6h«dth, 
so that 6va9e<1 portion gdnt^rutes boat at a rato higher thnn the 
ut^&^^aged portion; carrelatlnf) thn looatilon ot said Rwaglng with 
the pettecn of heat confta<!tivity in tUa aarth foraettion interval 
80 that Ckt loaat cna comprasalvoly sva^ed portion of the cable ie 
located aloncj the cAbI« iu a povltion FfUCh thdt, wht^n tho Ciiblc ia 
f^i^tendeil along th^ earth forTnation inters ai to he heated, the 
coiRproHsd vely sKsged portion ia adjacent to a portion of tUo earth 
format to]\ interval in which the boat condurtivity la relatively 
hi^rh) connoctinqr aaad selectively fiv^aged heatliiqr cable R«ctlon to 
r^t leaBv one povcr !)\]pplv cahld ^ind tipoolintr the interconnected 
c«tbl&Sf and vsnapoQlinff the iixteroooae<<te(l rjable^ if\tO a weLlbore 
along with a weight-eupportlng metal coaduit vhilo pflriodicaliy 
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aV-t^chU^q tUfi aabJleB to tUe condglT. a.ad ftxten<)ing the cabilea and 
conduit to 5> dojth at wtiltfh the coitipe^nsivoiy isva«fed pottionis oir 
the cEibLe ctxe poRUlonftA adj^xcenx no tU« earth torrafttXone havtog 
r<ilativ(jlY hi^h thflrinal conductivity. 
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Q 3 T R A C T 

IS:iP{riS93 HATS \^kKEANT 
ELQKGKPED EUSCTFtCMi RESraT^NCS liEKIER 

ftn elecftricBl iBSifttarjcc lieatjear cgipable o£ gooeratlng Jieat at 
different raitess at diffarHfjt los^jitioms a.1cng ita laisgth OTrptrises a 
ccntinuoas srjd unltaxy e-Xectrical oonductor hTrix^ a thidoiosa 
wliicJi is Oiffcrent at different lcx»tioc3S olaig its length. 
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